Observations and discussion SOILS GRASSLAND SOILS.-Soil is the unconsolidated outer layer of the earth's crust which, through the processes of weathering and the incorporation of organic matter, becomes adapted to the growth of plants. It is usually underlaid by unconsolidated parent materials into which the deeper roots of plants frequently extend. The soil often contains and acts upon a much more extensive portion of the plant body than does the atmosphere. This is especially true of grassland soils. The true soil or solum is usually made of the parent materials which it covers. Indeed, parent materials constitute the bulk of the soil and for a long time determine its physical character. As the soil slowly matures throughout the centuries, however, its mineral composition departs more and more from that of the parent material.
Brunizems are grassland soils developed under a relatively high precipitation, 25 inches or more. They are found on somewhat poorly drained to well drained sites under tall and mid grasses, chiefly blue stems. They have been leached to the extent that they do not have a horizon of calcium carbonate as do the Chernozems, but they do have a high degree of base saturation. They are rich in organic matter, especially in the upper portion, and are well supplied with nutrients necessary for a luxuriant growth of grasses and forbs. The surface soils over most of the area are slightly acid. Their high fertility and the favorable climate where they occur make them among the most productive in the world for grain and grass crops.
The profile of Brunizems consists of a dark grayish brown A horizon 8-16 inches thick, a grayish brown to brown or yellowish brown B horizon 12-24 inches thick, and a light yellowish brown to pale brown C horizon of parent materials ( fig. 1 ). Principal textures are loam and silty clay loam in the A horizon, clay loam or silty clay loam in the B horizon, and loam or silt loam in the C horizon. The B horizon is finer textured than either the A or C. The greater abundance of silt and clay has a marked effect upon the ease or difficulty of removal of plant roots from the soil. In the B horizon the soil is distinctly blocky and often is separated from the roots with great difficulty. Here root penetration is much more difficult and branching is usually less pronounced. Many rootlets are found appressed to the surface of the soil aggregates between which water penetrates more readily, air is more abundant, and nutrients apparently are more concentrated. Relatively few roots penetrate to the interior of the aggregates. In the massive structure of the Cl horizon, which is defined as the upper foot or two of the loose and decayed mineral material beneath the solum (A and B horizons), roots are removed much more easily. Many grass roots occur here, and roots of forbs extend many feet into the parent material. A pale brown or light yellow color usually characterizes the massive layer (C1 horizon and deeper parent material) which occurs at a depth of 24 4 or more feet. Here the carbonate content is high; streaks and pockets of chalky material are usually numerous. Despite great variation in texture and structure of the parent materials, the deeper roots of grasses and forbs are comparatively easily separated from them either by pick or by washing. Both the solum and parent materials readily absorb water and are almost constantly moist to great depths under a precipitation of 25-32 inches. Exceptions occur, of course, during periods of drought which extend over several years (18) .
Drier regions have soils with a calcium carbonate horizon; Chernozem soils are found in the most humid parts. They develop under a continental climate usually with an excess of evaporation, as measured from a free water surface, over precipitation. The luxuriant prairie grasses have exerted a powerful soilbuilding influence. Much humus is derived from roots of plants which decay where they grow throughout the soil profile. The deep distribution of humus is also in part the result of the action of earthworms, insects, etc., and the extensive burrowing of rodents, often to many feet in depth.
One learns much about soil structure and texture by separating roots from it in the walls of a trench or by slowly washing the soil from the roots in inclosed samples taken from the field. Both Brunizem and Chernozem soils are fine in texture, being mostly composed of silt and clay; they are sufficiently supplied with calcium to be neutral or only slightly acid. In the granular soil of the A horizon roots penetrate easily and spread widely, thoroughly ramifying throughout the soil. This horizon has the greatest supply of roots. They are easily separated from the soil, since much of its colloidal clay has been lost to the B horizon. The forces of weathering, especially freezing and thawing and alternate wetting and drying, together with high humus content and the favorable effects of root activities, have combined to produce this excellent granular structure. In the B horizon the clay content is higher, much of the lime has been leached away, except in the lower portion of Chernozem soils, and upon drying the soil may shrink and cleave into long perpendicular prisms.
Below the solum lie the parent materials. These are rocks such as limestone, sandstone, granite, etc. [SEPTEMBER or loose incoherent masses such as beds of sand, gravel, clay, or volcanic ash (11). In the portion of the prairie concerned in this study they are primarily deposits of wind-blown less and glacial drift. The less has a mineralogical composition of quartz, feldspars, lime, etc.; it is silty in texture and unconsolidated in structure. In places the less is 50 or more feet in depth; in others it has been removed from underlying glacial deposits or has become intimately intermixed with them. The glacial drift is composed of clay minerals, quartz, feldspar, and lime; it is unconsolidated in structure and moderately fine in texture. In washing away the soil it was soon apparent that the roots were larger, more abundant, and much more branched in the upper 2' feet of soil than is usual ( fig. 7) . Some ran obliquely more than 12 inches before turning downward. When the dry weight of these roots was compared with the average weight of several samples of big bluestem obtained from a variety of soils, it was 30% greater. Below 2' feet roots were few; nearly all followed the surfaces of the peds in the stiff, compact clay soil. Branches were few and not well developed. This is an example of soil conditions modifying the usual pattern of root development. Roots of big bluestem on other upland sites usually reach depths of at least 5-6 feet. Root distribution of this grass has been studied in fifteen different sites and in ten soil types, but this was the first soil type in which root development was so profoundly modified. Old root channels are used again and again by new generations of roots. Grass roots often extend several inches beyond the general root depth whenever they enter an old root channel or an earthworm burrow. Roots of forbs follow former root paths downward or outward, often for several feet, before turning aside to make new ones.
Root channels furnish entry for a vast number of organisms that live in the soil. Many are animals that subsist mostly on living plant materials; others are largely predatory, or are parasitic, or subsist on plant residues. Algae, fungi, actinomycetes, and bacteria are representative plants. Each absorbing root is incased in an extremely well-populated but thin layer of soil-the rhizosphere-in which micro-organisms are especially abundant and active. Many or most of the various soil organisms probably also occur in the parent materials and add to the amount of organic matter, which is chiefly furnished by roots, and thus play a role in the preparation of soil from parent materials.
Usually forbs, about 14%7o of which are legumes, are scattered widely, but thinly, among the grasses. Societies, either pure or mixed, are rarely so numerous, except locally or in disturbed places, as to exceed the grasses in abundance. It seems improbable that deeply rooted prairie plants are sufficiently abundant to exhaust the soil moisture, except very locally, in the parent materials. This does happen, however, where deeply rooted crops of alfalfa (Medicago saliva) are grown. KIESSELBACH et al. (9) found that alfalfa in a 2-year-old meadow near Lincoln, Nebraska, drew upon the moisture supply to a depth of 25 feet and in a 6-year-old meadow to a depth of 33 feet. The average moisture content between the fifth and fifteenth foot had been reduced 10.6% and 11%0, respectively, below that in adjoining cultivated fields. In the absence of alfalfa the subsoil below the sixth foot was free of cracks and crevices. Where alfalfa was growing, the shrinkage produced by removal of water had resulted in innumerable vertical fissures in the subsoil, some at 10-14 feet in depth were as much as 1 inch wide. In stabilized prairie, moisture in the parent material probably varies but little from year to year. Both number and size of forbs decrease in grassland with decrease in precipitation. 
